In the years [2007][2008], experiments were conducted with four cultivars of garden pansy grown in pots, in media prepared as mixtures of wet shrimp waste (BioHydroHumus) and sphagnum peat at the following volumetric ratios: 2% BioHydroHumus + 98% sphagnum peat, 5% BioHydroHumus + 95% sphagnum peat, 10% BioHydroHumus + 90% sphagnum peat. The Osmocote Exact 5-6 M (15:8:10:3MgO + microelements) fertilizer at the rates of 2.5 and 5.0 g × dm -3 was added to each medium. Sphagnum peat with addition of 5.0 g × dm -3 Osmocote Exact 5-6 M was used as control medium.
INTRODUCTION

BioHydroHumus in cultivation of garden pansy
Garden pansy has been one of the most popular bedding and pot plants for many years [1] . Cultivars of garden pansy grown recently, e.g. from the groups Butterfly and Carrera, can be cultivated also as annuals [2, 3] .
According to many authors [4] [5] [6] , post-production shrimp waste is characterized by alkaline reaction and is a source of macro-and microelements for plants.
A few experiments have been carried out to examine if shrimp waste can be recommended as organic fertilizer for cultivation of vegetables -broccoli and sweet pepper [7] [8] [9] . The positive results of those experiments show that shrimp waste can be used in the cultivation of vegetables. However, there is a lack of information concerning the possible use of shrimp waste in the cultivation of ornamental plants.
The aim of the present experiments was to examine selected chemical properties of BioHydroHumus and to evaluate if wet shrimp waste can be recommended for cultivation of garden pansy as a medium component.
MATERIALS AND METHODS
From January to July in the years 2007-2008, two pot experiments were carried out in the Department of Ornamental Plants in Szczecin. Four cultivars of garden pansy -small-flowered Butterfly Purple and Yellow as well as large-flowered Carrera Yellow with Blotch, Cats Yellow and Fancy Blue with Blotch, were the experimental material.
In the first decade of January, seeds of garden pansy were sown in boxes filled with growing medium prepared using sphagnum peat deacidified with chalk at the rate of 5.0 g × dm -3 and dolomite at the rate of 5.0 g × dm -3 to pH 5. 8 in 2007 and to 6.8 in 2008 . The growing medium was supplemented with the multicomponent fertilizer Osmocote Exact 5-6 M (15:8:10:3MgO + microelements) at the rate of 2.5 g × dm -3 . The boxes were covered with perforated foil and put on cultivation tables in a greenhouse with air temperature of [16] [17] [18] o C. Wet shrimp waste -BioHydroHumus -was prepared from post-production shrimp waste and distilled water at a volumetric ratio 1: 3, mixed and homogenized by means of the device Homogenizer TYPE-324. The homogenate was filtered through a sieve with square holes with a side length of 1 mm. Before planting seedlings, samples of BioHydroHumus were collected and the following determinations were made: pH (in H 2 O); total soluble salts; available forms of N-NO 3 (by the ionometric method); P (by the colorimetric method); K, Ca (by the flame photometry method); Mg (by the method of atomic spectrometry absorption); Cl (by the ionometric method). The results of the analyses for each year of the experiments are included in Table 1. A week before the planned date of planting seedlings (in the second decade of February), four media were prepared. Sphagnum peat deacidified with chalk at the rate of 5.0 g × dm -3 and dolomite at the rate of 5.0 g × dm -3 with addition of Osmocote Exact 5-6 M (15:8:10:3 MgO + microelements) at the rate of 5.0 g × dm -3 was used as control medium. The other media were prepared by mixing BioHydroHumus and sphagnum peat at a volumetric ratio of 2% BioHydroHumus + 98% sphagnum peat deacidified with chalk at the rate of 4.0 g × dm -3 and dolomite at the rate of 4.0 g × dm -3 ; 5% BioHydroHumus + 95% sphagnum peat deacidified with chalk at the rate of 4.0 g × dm -3 and dolomite at the rate of 4.0 g × dm -3 ; 10% BioHydroHumus + 90% sphagnum peat deacidified with chalk at the rate of 3.0 g × dm -3 and dolomite at the rate of 3.0 g × dm -3 . Selected chemical properties and content of nutrients were determined in prepared media. The results of the chemical analyses are included in Table  2 . The slow-release fertilizer Osmocote Exact 5-6 M was added to media containing BioHydroHumus at the rates of 2.5 and 5.0 g × dm -3 . At the stage of two fully expanded leaves (in the third decade of February), seedlings were transplanted to 0.4 dm 3 pots. The pots were placed on field patches covered with black foil in an unheated plastic tunnel. In the first decade of May, plants were taken from the plastic tunnel and put on the cultivation tables without protection covers. During the whole vegetation period, no additional fertilization was used.
At the beginning of flowering (in the second decade of May) and at full flowering (in the second decade of June), measurements were made of the vegetative traits of plants. Plant height, plant diameter and total number of leaves were measured. From the beginning of flowering, all flowers were counted and picked at weekly intervals to determine the total number of flowers per plant.
Each year after the end of the experiment (in the first decade of July), collective samples of media were obtained from the pots and their chemical analyses were carried out. pH, total soluble salts and content of nutrients were determined using the same methods as at the beginning of the experiments. The results of the chemical analyses are included in Table 3 .
28 experimental treatments included medium (7) and cultivar (4). Each treatment consisted of 16 plants, divided into 4 replications. The experiments were set up as a completely randomized design. The results were statistically analyzed by two-way analysis of variance and the differences between means were verified using Tukey's test at the significance level of = 0.05.
RESULTS
In the first year of the research, the content of potassium, calcium and magnesium in BioHydroHumus was very high. The content of chlorine was too high and harmful to garden pansy. However, in the following year of the experiments a higher content of nitrogen and phosphorus as well as a lower content of potassium, calcium, magnesium and chlorine, and over three times lower total soluble salts were found in BioHydroHumus ( Table 1) . The results of chemical analyses of the mixtures containing sphagnum peat and BioHydroHumus conducted before planting seedlings showed that in both years of the experiment those media were characterized by slightly acidic reaction, very low to medium total soluble salts and a low content of nitrogen ( Table 2 ). The content of phosphorus and potassium was higher in the first year of the research than in the second one.
On the basis of chemical analysis of media made after the end of the experiment (Table 3) , it was found that in 2007 both media containing 2% BioHydroHumus and 98% sphagnum peat and also medium containing 5% BioHydroHumus, 95% sphagnum peat and Osmocote Exact 5-6 M at the rate of 2.5 g × dm -3 were characterized by a low content of nitrogen and phosphorus, a higher content of potassium, slightly acidic to neutral reaction and very low total soluble salts. Medium containing 5% BioHydroHumus, 95% sphagnum peat and Osmocote Exact 5-6 M at the rate of 5.0 g × dm -3 and also both media containing 10% BioHydroHumus and 90% sphagnum peat in 2007 were characterized by a higher content of nitrogen, phosphorus and potassium in comparison with the other media evaluated and also by low to medium total soluble salts and by acidic or slightly acidic reaction. In the second year of the research, all media evaluated were more abundant in nitrogen, phosphorus and potassium than in 2007. Medium containing 2% BioHydroHumus, 98% sphagnum peat and Osmocote Exact 5-6 M at the rate of 2.5 g × dm -3 was characterized by the lowest content of phosphorus and potassium, however the mixture of 10% BioHydroHumus and 90% sphagnum peat with addition of Osmocote Exact 5-6 M at the rate of 5.0 g × dm -3 was characterized by the highest content of those macroelements. The mixtures of BioHydroHumus with sphagnum peat were characterized by acidic or slightly acidic reaction and medium or high total soluble salts. Medium containing 10% BioHydroHumus and 90% sphagnum peat with addition of Osmocote Exact 5-6 M at the rate of 5.0 g × dm -3 was an exception, because it was characterized by excessive total soluble salts.
In the present experiment, on the basis of statistical analysis of the results it was found that in the first year (at the beginning of flowering and at full flowering) medium significantly affected total height of plants (Tab. 4, Tab. 5). However, no effect of medium on plant height was found in 2008. At the beginning of flowering in the first year of the experiments, plants grown in both media containing 2% BioHydroHumus and 98% sphagnum peat were the highest regardless of cultivar. At full flowering in 2007, plants grown in medium containing 2% BioHydroHumus, 98% sphagnum peat and Osmocote Exact 5-6 M at the rate of 5.0 g × dm -3 were the highest. In 2007 garden pansies of the cultivars Butterfly Purple and Yellow as well as Carrera Yellow with Blotch were higher than plants of the cultivars Cats Yellow and Fancy Blue with Blotch, regardless of medium. However, in 2008 garden pansies of the cultivars Butterfly Purple and Yellow, Carrera Yellow with Blotch and Cats Yellow were higher than plants of the cultivar Fancy Blue with Blotch. In the first year of the research at the beginning of flowering and at full flowering and in the second year of the research at full flowering, the cultivars reacted differently to media evaluated.
It was found that garden pansies differed in plant diameter depending on medium in both years of the experiment at the beginning of flowering and at full flowering (Table 6, Table 7 ). Regardless of cultivar, at both dates of measurement in 2007 pansies grown in medium containing 10% BioHydroHumus, 90% sphagnum peat and 5.0 g × dm -3 Osmocote Exact 5-6 M were characterized by the greatest diameter as opposed to plant height. In the second year of the research at the beginning of flowering and at full flowering, plants with the greatest diameter were obtained in medium containing 5% BioHydroHumus, 95% sphagnum peat and 5.0 g × dm -3 Osmocote Exact 5-6 M. However, garden pansies grown in the mixture of 2% BioHydroHumus and 98% sphagnum peat with addition of 2.5 g × dm -3 Osmocote Exact 5-6 M had the smallest diame-
An interaction between cultivar and medium was found only in the first year of the research.
In both years of the experiment at the beginning of flowering and at full flowering, medium was found to have a significant effect on number of leaves of garden pansy (Table 8, Table 9 ). At the beginning of flowering in the first year of the research, plants grown in medium containing 5% BioHydroHumus, 95% sphagnum peat and 5.0 g × dm -3 Osmocote Exact 5-6 M were characterized by the greatest number of leaves, regardless of cultivar. At full flowering in 2007, plants grown in both media containing 5% BioHydroHumus and 95% sphagnum peat were characterized by the highest number of leaves, but control plants had the smallest number of leaves. At the beginning of flowering in 2008, control plants cultivated in both media containing 2% BioHydroHumus and 98% sphagnum peat and pansies grown in the mixture of 5% BioHydroHumus and 95% sphagnum peat with addition of 2.5 g × dm -3 Osmocote Exact 5-6 M were characterized by the highest number of leaves. They had on average 51% more leaves than plants grown in the mixture of 10% BioHydroHumus, 90% sphagnum peat and 5.0 g × dm -3 Osmocote Exact 5-6 M. At full flowering in 2008, control plants, garden pansies cultivated in the mixture of 2% BioHydroHumus and 98% sphagnum peat with addition of 5.0 g × dm -3 Osmocote Exact 5-6 M, and also plants grown in both media containing 5% BioHydroHumus and 95% sphagnum peat were characterized by the greatest number of leaves. In both years of the research at the beginning of flowering and at full flowering, the number of leaves depended on cultivar traits and garden pansies of the cultivar Butterfly Purple and Yellow were characterized by the greatest number of leaves. In the years 2007 and 2008, a different reaction of the garden pansy cultivars to media was also found. 1 -sphagnum peat deacidified with chalk and dolomite -control; 2 -2% BioHydroHumus + 98% sphagnum peat deacidified with chalk and dolomite; 3 -5% BioHydroHumus + 95% sphagnum peat deacidified with chalk and dolomite; 4 -10% BioHydroHumus + 90% sphagnum peat deacidified with chalk and dolomite. -3 Osmocote Exact 5-6 M-control; II -2% BioHydroHumus + 98% sphagnum peat deacidified with chalk and dolomite + 2.5 g × dm -3 Osmocote Exact 5-6 M; III -2% BioHydroHumus + 98% sphagnum peat deacidified with chalk and dolomite + 5.0 g × dm -3 Osmocote Exact 5-6 M; IV -5% BioHydroHumus + 95% sphagnum peat deacidified with chalk and dolomite + 2.5 g × dm -3 Osmocote Exact 5-6 M; V -5% BioHydroHumus + 95% sphagnum peat deacidified with chalk and dolomite + 5.0 g × dm -3 Osmocote Exact 5-6 M; VI -10% BioHydroHumus + 90% sphagnum peat deacidified with chalk and dolomite + 2.5 g × dm -3 Osmocote Exact 5-6 M; VII -10% BioHydroHumus + 90% sphagnum peat deacidified with chalk and dolomite + 5.0 g × dm -3 Osmocote Exact 5-6 M A -n.s.*** B -1.12 A×B -n.s. **Explanations as in Table 3 ***n.s. -not significant difference Explanations as in Table 3 Explanations as in Table 3 Explanations as in Table 3 Explanations as in Table 3 In both years of the research, garden pansies differed in total number of flowers, depending on medium (Table 10) Explanations as in Table 3 
DISCUSSION
The obtained results of chemical analyses of BioHydroHumus used in the experiments are in agreement with the results obtained by [5, 10, 11] which show that shrimp waste is an important source of phosphorus, potassium and sodium. The large differences in the content of potassium, calcium and chlorine in the successive years of the research and over three times higher total soluble salts in 2007 than in 2008 could have been caused by a different origin of shrimps and a different chemical composition of shrimp carapace. The authors et al. [5, 6, 12] are of the opinion that shrimp waste contains, besides macroelements, also a little amount of microelements, sometimes even silver.
On the basis of the ranges determined by [13] , we can say that total soluble salts in BioHydroHumus were very high and harmful to plants in both years of the research.
The low content of nutrients in both media containing 2% BioHydroHumus and 98% sphagnum peat and also in the mixture of 5% BioHydroHumus and 95%sphagnum peat with addition of 2.5 g × dm -3 Osmocote Exact 5-6 M after the end of the first year of the experiments probably resulted from their intensive intake and use by plants.
There is a lack of information in Polish and foreign literature concerning the optimal content of basic nutrients in media for garden pansy. In the present experiment and in the experiments conducted by [2] ,
